Wereport an autopsy-confirmed case of amyotrophic lateral sclerosis (ALS) accompanied by syndrome of inappropriate secretion of antidiuretic hormone (SIADH). A 67-year-old man was admitted to our hospital with muscle weakness, dysarthria and dysphagia. During hospitalization, respiratory insufficiency was ingravescent, and hyponatremia, hypo-osmolarity, elevated osmotic pressure of urine, and elevated urinary sodium excretion were noted. Based on these findings we diagnosed ALS with SIADH, and treatment with infusion of concentrated NaCl was started. However, the patient died of respiratory failure on day 50. Weassumed that severely restrictive ventilatory impairment was the cause of SIADHin this case. (Intrenal Medicine 41: 395-397, 2002) 
Introduction
The syndromeof inappropriate secretion of antidiuretic hormone (SIADH), which results in the inappropriate secretion of antidiuretic hormone (ADH), is characterized by dilutional hyponatremia (1) . SIADHoccurs in various conditions, but to our knowledge, only a few cases have been reported of amyotrophic lateral sclerosis (ALS) accompanied by SIADH (2-4).
Here, we describe an autopsy-confirmed case of ALSaccompanied by SIADH.
Case Report
A 67-year-old man was admitted to our hospital with muscle weakness, dysarthria and dysphagia. The patient had been well until 6 months earlier, when he developed dysarthria and swallowing disturbance. Four weeks prior to admission, he had a history of fever and was treated at another hospital, where he was diagnosed with pneumonia and received intravenous administration of antibiotics. Twoweeks prior to admission at our hospital, he developed mild weakness of the left hand.
On admission, his height was 158 cm and his body weight was 42 kg. He reported that he had lost 10 kg in the previous 3 months despite a good appetite. On neurological examination, generalized muscular atrophy was noted, especially in the tongue, and mild dysarthria was also observed. Distal dominant muscle weaknessin the right upper extremity wasnoted and deep tendon reflexes were slightly increased bilaterally, and Babinski sign was observed. Fasciculation was observed in the systemic muscles including the tongue. Sensory disturbance was not noted. Chest X-rays, there were no abnormal shadows. The routine laboratory findings were unremarkable with serum sodium of 137 mEq//. Arterial blood gas analysis (room air) revealed hypoxia and hypercapnia (Table 1) . Pulmonary function test revealed severe restrictive ventilatory impairmentas a result of respiratory muscle weakness (Table 1) . Electromyogram (EMG)showed a denervation and reinnervation pattern in the muscles of the upper and lower extremities and the tongue. Based on these findings we diagnosed ALS, at which time the patient had almost no restriction in his activities of daily living, but subsequently he gradually developed dyspnea during supination and prandial performance. His condition deteriorated gradually due to insomnia and malaise and he was treated with an intravenous drip of electrolyte infusion ( On day 35, he had no edema or sign of dehydration, but laboratory findings revealed hyponatremia (124 mEq//) and hypo-osmolarity (261 mOsm/kg). Urinary osmotic pressure was elevated (529 mOsm/kg) as was urinary sodium excretion (120 mEq//). In contrast, serum creatinine was normaland serum cortisol was within normal range. Plasma ADHlevel was within the normal range (1.5 pg/ml) despite the plasma hypo-osmolarity. Plasma rennin activity was normal. Other biochemical and endocrinological data did not show any significant abnormalities (Table 2 ) and based on these data, we diagnosed ALS accompanied by SIADH. Treatment with water restriction and infusion of concentrated NaCl were continued, and tracheotomy was performed for hypoxemia and hypercapnemia, but respiratory insufficiency was ingravescent, and on day 50 after admission the patient died of respiratory failure. Mechanical ventilation was refused. Autopsy revealed diffuse atrophy of the spinal cord and a neuronal loss and gliosis in the anterior horns, in the facial nucleus and hypoglossal nucleus of the brainstem, and in the motor cortex. Lost cells were replaced by fibrous astrocytes, and manyof the surviving cells were small and shrunken, and some were filled with Bunina bodies. There were no abnormalities in the pituitary gland, hypothalamus, temporal lobes, or the limbic system. In the pulmo- nary lesions, slight pleural effusion and pneumonia in the right lung were found, but there was no atelectasis or carcinoma that could cause hypoxia or SIADH.
Discussion
ALSaccompanied by SIADHis very rare, and to our knowledge, this is only the fifth reported case (2-4). All cases reported previously and the present our case had similar characteristic features: severe restrictive ventilatory impairment as a result of respiratory muscle weakness (range of %VC;29-49.7) in all but one case, in which that feature was not described. However, severe hypoxia or hypercapnicacidosis was not reported in any of these cases. Kumar et al reported that dysfunction of the intrathoracic circulation due to atrophy or weakness of the respiratory muscles can decrease venous return to the left atrium, and sug- gested that this might cause dysfunction of the feedback system via the intrathoracic volume receptors (5). Kurland and Seltzer reported two infant patients who developed antidiuretic hormoneexcess as a complication of rapidly progressive respiratory failure induced by infant botulism (6) . So, it is hypothesized that a change in the intrathoratic circulation caused by weakness of the respiratory muscles may induce SIADH. Acute hypoxia or hypercapnic acidosis also stimulates the hypothalamus to secrete ADHdirectly or via carotid baroreceptors (7) . Hypoxia stimulates the hypothalamus to secrete ADHdirectly, and possibility to induce SIADH (8) . But in the present patient, hypoxia had already been observed before development of SIADH.In all of the other previously reported cases except one, hypoxia was not observed at the time of SIADH. Similarly, hypercapnia had already been observed on admission, and arterial blood gas analysis revealed no acidosis. Thus, wespeculated that these conditions were not the main causes of the developmentof SIADH in our case. It is also knownthat ADHsecretion is influenced by emotional factors and physical stress (9) and it is hypothesized that limbic dysfunction may influence the ADHsecretion mechanism (10). Our patient was stressed by the notification of his diagnosis and the selection of treatment, despite careful medical and mental care, and we considered that this stress influenced both the limbic system and ADHsecretion. There was no evidence of other causes of SIADH, such as ectopic production of ADHassociated with neoplasm (1 1) or pulmonary infections (12, 13) , clinically or histologically, and no drugs, such as chlorpromazine, thiazide, antipsychotics, antidepressants, carbamazepine, or nonsteroidal anti-inflammatory drugs had been administered (14, 15) . Histologically, there was slight pleural effusion and pneumoniain the right lung. Pulmonarylesions change intrathoracic circulation and left atrial pressure, and could cause SIADH, but in our patient, pleural effusion and pneumoniawere not severe and might not have caused SIADH. Thus, in this case we assumed that the severely restrictive ventilatory condition might have caused SIADHas a result of the dysfunction of the intrathoracic circulation.
